REFLECTION TYPE LIQUID -CRYSTAL DISPLAY DEVICE 


BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] 

The present invention relates to a reflection type 
liquid-crystal display device which can be easily reduced both 
in thickness and in weight, which is excellent in display quality 
and which can be used both in an external light mode and in 
an illumination mode. 

The present application is based on Japanese Patent 
Application No. 2000-140320, which is incorporated herein by 
reference . 

2. Description of the Related Art 

[0002] 

Further reduction in thickness and weight of reflection 
type liquid-crystal display devices has been demanded for the 
purpose of reduction in size and weight of portable personal 
computers, portable telephone sets, etc. In the meanwhile, 
it was difficult to reduce the thickness and weight of a 
background-art reflection type liquid-crystal device provided 
with a front-lighting system using a side-light type light pipe 
(see Unexamined Japanese Patent Publication No. Hei. 11-250715) 
Incidentally, such a side-light type light pipe needs a plate 
thickness of about 2 mm or larger for light transmission. If 


optical members such as a light-diffusing plate, etc. are 
disposed on the light pipe, the thickness in total is generally 
increased to 3 mm or larger. 

SUMMARY OF THE INVENTION 

[0003] 

An object of the present invention is to provide a 
reflection type liquid-crystal display device which can be 
easily reduced both in thickness and in weight, which is 
excellent in display quality and which can be used both in an 
external light mode and in an illumination mode. 

[0004] 

According to the present invention, there is provided 
a reflection type liquid-crystal display device comprising: 
a reflection type liquid-crystal display panel including a 
liquid-crystal cell and a reflector, the liquid-crystal cell 
having a visual-side substrate, a back-side substrate and a 
liquid crystal, the visual-side substrate including a 
transparent substrate, a transparent layer lower in reflective 
index than the transparent substrate, and a transparent 
electrode, the back-side substrate having an electrode, the 
liquid crystal being held between the visual-side and back-side 
substrates so that respective electrode sides of the visual-side 
and back-side substrates are disposed opposite to each other, 
the reflector being disposed on the back-side substrate side; 
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at least one illuminator disposed on one of side surfaces of 
the reflection type liquid-crystal display panel; and an optical 
path control layer having a repetitive structure of optical 
path changing slopes on an outer side of the visual-side 
substrate and being higher in refractive index than the 
low-refractive-index transparent layer, each of the optical 
path changing slopes being inclined at an inclination angle 
in a range of from 35 to 48 degrees with respect to a reference 
plane of the visual-side substrate. 
[0005] 

In the reflection type liquid-crystal display device 
according to the present invention, incident light from an 
illuminator disposed on one of side surfaces of a liquid-crystal 
display panel is transmitted efficiently toward another side 
surface facing the side surface by use of liquid-crystal cell 
substrates, and the optical path of the transmitted light is 
changed efficiently into a viewing direction of the panel by 
means of an optical path control layer disposed on the visual 
side and a reflector disposed on the back side. Accordingly, 
the transmitted light can be used for liquid-crystal display. 
The optical path control layer excellent in thickness as well 
as the arrangement of the illuminator on the side surface of 
the panel can form a front-lighting mechanism for the display 
device . Moreover, display can be made also in an external light 
mode. There can be therefore obtained a reflection type 


liquid-crystal display device which is good in thickness and 
weight, which is bright and excellent. in display quality, and 
which can be used both in an external light mode and in an 
illumination mode. 
[0006] 

The aforementioned effect of the reflection type 
liquid-crystal display device is achieved by use of the 
low-refractive-index transparent layer and the slope 
reflection type optical path control layer, both the layers 
being provided on the visual-side substrate. That is, light 
incident on the side surface of the panel can be reflected 
efficiently toward another side surface facing the 
first-mentioned side surface by an enclosure effect owing to 
total ref lectionby use of the low-refractive-index transparent 
layer. Hence, uniformity of brightness on the whole of the 
display screen is improved, so that good display quality can 
be attained. If no low-refractive-index transparent layer is 
provided in the display device, backward transmission 
efficiency runs short so that the display screen becomes darker 
and viewing of the display becomes difficult as the viewing 
point goes farther from the illuminator. On the other hand, 
when the light incident on the side surface or the transmitted 
light thereof is reflected by optical path changing slopes, 
the optical path of the light can be changed with good directivity 
Hence, it is difficult to attain the aforementioned effect by 


such a scattering reflection system with a roughened surface 
as described in Unexamined Japanese Patent Publication No . Hei . 
5-158033. 

[0007] 

That is, JP 5-158033 has suggested a reflection type 
liquid-crystal display device in which illumination light is 
made incident on one of side surfaces of a liquid-crystal display 
panel and totally reflected by a visual-side cell substrate 
and in which the reflected light is scattered by a roughened 
surface type reflection plate so as to be utilized for display. 
In this case, however, the light available for display is the 
light scattered and exited from the panel against the total 
reflection conditions. Scattered light generally exhibits a 
normal distribution with apeak in a regular reflection direction 
Accordingly, the display light in the reflection type 
liquid-crystal display device is too inclined with respect to 
the frontal (vertical) direction to be effectively used for 
display. As a result, the display is dimmed in the frontal 
direction. However, if scattering by the roughened surface 
type reflection plate is intensified, the quantity of light 
in the frontal direction is reduced in the external light mode 
to be unfavorable to display. It is therefore necessary for 
such a roughened surface scattering reflection system to adjust 
the intensity of scattering so as to keep the balance between 
the external light mode and the illumination mode. However, 


it is difficult for such a roughened surface scattering 

t m to ma.e the intensity of scattering favorable 
reflection system to maKe tn 

b oth the mooes because the intensity of scatters, re.- 
to both tne mu required 
in the external U,ht mode is incompatible wrth 

in the illumination mode. 

[0008] . 

h d the slope reflection type opt.cal Path 

On the other hand, the slop 
troi layer according to the present invention mainly 

ak in the regular reflection direction, 
light exhibiting a peak m the 

, ^ of the reflected light, 
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Fig. 1 is a sectional vi 

t-al display device used both m 
25 a reflection type liquid-crystal displ 


an external light mode and in an illumination mode; 

Fig. 2 is a sectional view for explaining another example 
of the reflection type liquid-crystal display device used both 
in an external light mode and in an illumination mode; 

Figs . 3A to 3E are side views for explaining optical path 
changing means in an optical path control layer; 

Fig. 4 is a perspective view for explaining a further 
example of the reflection type liquid-crystal display device; 

Fig. 5 is a perspective view for explaining a further 
example of the reflection type liquid-crystal display device; 

Fig. 6 is a perspective view for explaining a further 
example of the reflection type liquid-crystal display device; 

Fig. 7 is a side view for explaining an example of the 
optical path control layer; and 

Fig. 8 is a side view for explaining another example of 
the optical path control layer. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0009] 

The reflection type liquid-crystal display device 
according to the present invention comprises : a reflection type 
liquid-crystal display panel including a liquid-crystal cell 
and a reflector, the liquid-crystal cell having a visual-side 
substrate, a back-side substrate and a liquid crystal, the 
visual-side substrate including a transparent substrate, a 
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[0010] 

, r . aq 4 to 6 show examples of the 
Figs . 1 and 2 and Figs. 4 to 

a£ „troned reflection type ligurd-crystal drsplay de.ce 
preference numerals!, 2, 3, 4 and 5 designate Ugurd-crysta 

20 elS ' \. 2 a t „ rent substrate .rsual-srde 

pa th changing slop , »' ' layer; 24 . 

i- \ . o? a low-refracui ve 
substrate); 22, a ±ow 

. /n and 45, back-side substrates, 
a transparent electrode; 43 and 4 , 

f . 31 a liquid crystal; 16 and 4Z, 
and 44, electrodes thereof, 31, a i q 

«. HPnce the electrode 

^ M and 53, illuminators. Hence, 
25 reflectors; ana 51 and 


! 0 as a reflector. Incidentally, the reference 
42 serves also as 

erals 12 and 15 desi 9 nate polarizers, 13 
nOT ,.,,«. and 25 and 41, aligned films. 

ret arders; 23, a color filter, and 

[0011] 

R suitahle reflection type panel can b e used as 
uquid -cr y stal display panel without any specif- ligation. 

e as illustrated in F i 9 s.l and 2 , the reflection 
For example, as uiu tal 
t Uauid-crystal display panel includes a Hculd-crystal 
W t s42or 16. The liquid-crystal cell has 

0 a visual-side su K= . rat e 21 is made 

«. ^ -,i The visual-side substrate 
and a liquid crystal 31 . The 

v^rate (21) having a transparent layer 
of a transparent substrate transpa rent 

• Elective index than the substrate, ana 
lower m reflective , p 43 or 45 has an electrode 

! ctrode24. The back-side substrate 43 or 45 

el6C , al 31 is held between the two 

aa The liquid crystal 31 is 
15 42 or 44. The 1 q respective 
, „ (21 43) or (21, 45) disposed so that 
substrates (21, opposite 

, de(24 42) or (24, 44) of the two substrates are opp 
electrode (24, 42) ^ ^ 

ThP reflector 42 or 10 

" SaCh ; ttr at 43or45side. Incidence light on the visual 
back _ sld esuhstrate4 ^ ^ 

is reacted/inverted hy the reflector 

i 11 ortheliKe. As a result, the 

bY the liquid crystal 31, IncidGnt ally, 

J - i=w liaht from the visual side, 
is exited as display lxghtt 

! 39 in Figs. 1 and 2 designates a se 
the reference numeral 32 m tig 

. the liquid crystal 31 between the 
25 material for enclosing the liqu 


,91 43) or (21, 45) - 
substrates (21, 4J> 
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[0015] laver is also 

- .ctive-index transparent laye 
The iow-rerractive 


nting the transmitted light f rombeing reduced 
provided for preventing the r 

the basis of the partial change of the 
or made uneven on the basis 

• state because the transmitted light suffers 
transmlsS ion state ^ ^ 

transparent layer 

thedisplavfrombecommgdar.a P ^ 

frombe mg deteriorated 

the illuminator is ghosted m the 

n filter or the like is disposed, the 
where a color filter or 

4- laupr is provided tor 

, „ re fractive-index transparent layer i P 

low-refracciv raD idly absorbed 
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light, in the re transmitted 
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100161 fractive-mde, transparent layer can be made 

The low-refractive 
f a suitable material such as an inorganic or organic 

■ d dl electric having a refractive index 
low-refractive-mdex dielectri 

^1- substrate forming the 
^ t- r>f the transparent sudslj-o 
25 lower than that of the x: 


Visual - Sid e *V a suita^e m et h o d suc h as a ~ 

^oration »et h o d o, a spin coatin, ,e th o d . - an, 
th e m e th0 a £ or £ or n in g t h e — ^ — t 
layer a re not ^t- spe^an, t h e point o £ 

• ■ of fi r iencv owing to the total 
of backward transmission efficiency 

re£1 ectio„ or t h e it 1. P^erafie «-t «- 

indsx di£f erenoe between - transparent iayer an, t h e 

.^parents^trate.sas.ar^pos.^e. .tispre.era- 

qu aiit y in an externa! U gh t ,o d e. .ncio-ai ly . - 
re£rac ti.e in d e* rs 0,, reactance o £ e.ter 

light in t h e interne b etween tne transparent .aver an d 

• ™r larcter than 0.1 %, that is, 
4- .nKcf-r^te is not: 
^ transparent substrate 

Lin c, brr.tness or contrast owin, to t h e re.ectron 
loss is very small. 


[0017] 


the low-refractive-index 
The position of arrangement of the low 

nt laver can be determined suitably. The 
20 transparent layer 

+- lawr is preferably 
lo w-refractive-index transparent layer 

, hp transparent substrate and the 
positioned between the transpa 

, Plectrode from the point of view of the 
transparent electroae 

• n P d liaht enclosure effect, prevention 
aforementioned transmitted light 

t-y^ i iauid-crystal layer, and so 
25 of the light from entering the liquid 


mor filter is disposed between the transparent 
on . When a color inter 

sub strate and the transparent electrode, the 
lou -refractive-index transparent layer is preferably 
positioned nearer the substrate 2! than the color filter 23 
from the point of view of predentin, the absorption loss of 
the transited light fro, being caused by the color filter. 
Therefore, the low-ref ractive-inde* transparent layer 22 is 
q enerally provided directly on the visual-side substrate 21. 
In this case, the fact that the surface of the substrate on 

Haver is provided is as smooth as possible, 
which the transparent layer is pro 

th at is, the fact that the transparent layer is as s.ooth as 
possible, i= favorable to prevention of scattering of the 

ht The fact is also preferable from the point 
transmitted light. The ract 

o£ vie „ of avoiding influence on display light. 


tools; 


I£ t he low-refractive- index transparent layer is too thin, 
th e enclosure effect may be reduced because of a wave effusion 
phenomenon. Therefore, the low-refractive-index transparent 
layer is preferably selected to be as thic* as possible from 
, 0 th e point of view of sustaining the total reflection effect. 
" Th e thinness can be determined suitably from the point of view 

o£ th e total reflection effect or the m. . —ally, the 
thickness is selectedpreferably to be not smaller than a garter 

wavelength (9 5 ». , -re preferably to be not smaller than half 
25 a wavelength ,1.0 nm, , further preferably to be not smaller 


than one wavelen g th ,380 still further preferably to be 

not seller than 600 nm, on the basis of the optica! path length 
calculated by muitiplyin, refractive index by layer 
fro, the point of view of the total reflection effect on the 
visible light with the wavelength in a range of fro, 3S0 » 
to 78 0 nm, particularly on the light with the short-wave side 
wavelength 38 0 nm. 

IT! other hand, as for the backside substrate, any 
stable substrate 43 can be used, and the substrate 43 « 
olored substrate because the bac.-side substrate need 
not be light-transmissibXe in the case where the electrode 42 
serving also as a reflector is provided in the li q uid-crystal 
cell as illustrated in Fi, . 1 - - this case, a blac, substrate 
is preferably used fro, the point of view of blac* display rf 
the li qU id-crystal cell is of a type achieving disp!ay on the 
basis of light scattering or transmission/absorption 
di££ erence. On the other hand, the transparent substrate 45 
be used if the reflector !« is disposed outside the cell 
Jthat the bac.-side substrate needs to be light-transmissible 
s illustrated in Fig. 2. The transparent substrate 4 5 may 
be provided similarly to the visual-side substrate. 

ThTthiOcn... of the visual-side substrate and the 
2 5 thickness of the baC-side substrate may be determined suitably 
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in aK o,a K e -it, the strength <* — ' °< ^\ 

■ .Citation Generally, each 
or the lik e, without any specific limitation 

■ „,ected to be in a range of from 10 urn 
o£ the thicknesses is selected 

to s especially in a range of 50 um to 2 .ore es P ec 1 
■ . range of fro, WO p. to 1 - "om the point of - 
m a range efficie ncy and reduction 

ba lance between light transmission efficiency 
in thlckMSS and weight. Particularly when the vrsua s d 
ub strate .used as a substrate for transmitting incident ^ 
£ rom the illuminator as described above, it is favorable tht 
m rruiu . as possible, 

ill . , arpa of the substrate is as large a y 

|* 10 the sectional area 

forable that the substrate is as rn 
that is, it is preferable 

• nt of view of incidence efficiency, 
A „ ible from the point of view 
P the like On the other hand, from 

transmission efficiency, or the like. 

f avlable that the back-side substrate is - «*» ~ ^ 

h fore the thickness of the visual-side substrate and 
Therefore, une uh-l Ai . hpr 
f t he back-side substrate may be egual to each other 
thickness of the back Incidenta lly, the 

or may be different from each other. 

vi sual-side and back-Side substrates may have a un o 
„ thickness or the visual-side substrate In particular may 
0 thickness thickness thereof 

shaped like a wedge in section so that the 

oartially for the purpose of improving efficiency 

rrrthebasisoftheinclinationarrangementoftheoptical 

25 path control layer. 
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The Plan size of the visual-side substrate and the plan 
siz e of the backside substrate may be also egual to each other 
or may be different fro, each other. When the visual-srde 
substrate is used as a substrate for transmitting incident light 
from the illuminator, it is preferable that the side surface 
o£ th e visual-side substrate 21 is protruded more greatly than 
th e side surface of the bac.-side substrate 43 or 45 at least 
in the side surface where the illuminator 51 or 53 is disposed, 
£ rom the point of view of efficiency of incidence, or the liKe, 
in the case where the illuminator is disposed on the protruded 
side surface as illustrated in Figs. 4 to 6. 


[0022] 


The transparent electrode 24 or 44 to be provided on the 
visual-side substrate 2! or the backside substrate 45, and 
so on, may be made of any tnown suitable material such as 1,0. 
On the other hand, the electrode 42 provided on the bac.-side 
substrate 43 or the li.e and serving also as a reflector may 
be made of, for example, a suitable reflective metal. The 
electrode 42 is preferably formed as a thin film of a 

„ electrical-conductivity metal such as 
high _ re flectance good-electricar 

in this case, when the visual-side substrate is used 
aluminum. Intniscdse, 

,, Hnfl the incident light from the 
as a substrate for transmitting the 

illuminator, the electrode 42 may be provided also as a 
5 scattering reflector because light transmitted in the substrate 


ch es the ^lector before the lM « is reflected bv 
h ardly reac.es ^ cQntrol 

i r-^-t-h changing slopes 
the optrcal path ^ ^ prevented from 

lay er an, because the t— -J ^ _ 

b eih 9 disturbed b, — - 1 re£lector is provid ed 

i • d also to the case where the 
be applied also t 

n as illustrated in Fig. ^- 
outside the cell as 


. dre flector provided inside or outside 
Tne aforementioned ref 

hqtrate in the liquid-crystal cell 
the back-side substrate trans mitted 

. , -I iaht from the illuminator is t 
so that the incident light ^ 

. h bv the optical path changing slopes 
^ r " t la . 11 as shown m the broken line arrow 

inF ig. I- Hence, the optical Path 

, cfrate The light is 

- — e subs " at the reflector is t « 

5 . rafl ected^erted. ^ mode . ^. 

— ispia ; ;:: :: r 

entrance external X 19 h ^ ^ ^ also 

1! is reflected/inverted. 

p _ded for obtain, d.s P Xa y X.ht » « 

rpflection type liquid cty 

20 Mde - "I u both * - — X U.t ,cde and , » 

which can be usea u 

illumination mode is formed. 


[0 ° 2 ] f lector provided outside 

a.npcially the reflector pt 
The reflector, espec^a _ 

may be formed of a suitable mater.aX, 
25 the cell, may oe 
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ho^ *s described in the background art. 
a white sheet as aescL-^ 

^f^rahle particularly, 
„i g „-ref ractive-in d ex reflector is preferable . 

espies of the reflectors include : a coatin g la y er contain^ 

g old, copper, chro.ium, or powder of an alloy of such metals 

mul ti-layer f U, i. deposited by a suitable thin 

met hod such as a vacuum evaporation method, a sputterln, method 

or the 11— -fleets sheet havin, t h e above-mentione d 

ooat^or.eposrte.laversupporteab.abase^aterlalco.pose. 
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The reflector to be forme. « exhibit a light scatter^ 
function as .escribe, above. Keflecte d ll*t Is diffused by 
a scatter reflection surface so that the frontal directiv ty 
ca nbeenhance d . motion. when the surf ace of the reflector 
is rou.hened, promotion of Newton rin.s d ue to ti g ht contact 

. f „ ls ibilitY can be improved. Therefore, 
is prevented so that visibility 

the reflector to be P rovi d ed outsi d e the cell may be simply 
pla ce dU lthouta dh esionor n aybe d ispose d cl 0 selybyana d herin g 

method, an evaporation method, or the like. 

[0026] 

F or example, the !i,ht scatter^ type reflector can be 
formed by, a surface rou g henl„ g method usin g sandblast^ 
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r U,- to ^ ^ 

=t -ructure reflector to mirror the 
soon. The tine prismatic structure 

f ine prismatic structure on the surface of the — — 
ca n b e forme, by a method in which a metal is deposited on e 

method, for example, an evap 

, hod an ion plating method, a sputtering method, 
evaporation method, an ion y 

r the like, or a plating method. 
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• -h rrvstal cell is formed, at least one 
When the liquid-crystal cei 

• i j t n prrordance witn 
citable functional layer may be provided m 
nece S srty,suchas ; analigne d filmcompose d ofa,lm =:: 

to rubbing for aligning the liguid crystal, a Colo lit 
col or d isplay,.andsoon. ^dentally, aligned fi ms a 
41 are generally formed on the transparent electrod es 
and 44 as illustrated m.gs. land, and a color file 
is generally provided between one of the cell substrates 1 
and 45 and a corresponding transparent electrode m ^ 
land2 , the color filter ,3 is provided on the visual-side 


substrate 21 
[0028] 


~i t-h^ crystal cell 
In the liguid-crystal display panel, the 


25 

20 


may be additionally provided with at least one suitable optical 
layer such as polarizers 12 and 15, phase retarders 13 and 14, 
light diffusing layers, and so on, as illustrated in Figs. 1 
and 2. The object of the polarizers is to attain display 
utilizing linearly polarized light, while the object of the 
phase retarders is to improve display quality through the 
compensation of a phase difference caused by the birefringence 
of the liquid crystal, or the like. On the other hand, the 
objects of the light diffusing layers are: enlargement of the 
display area by diffusing display light ; uniformity of luminance 
by leveling emission-line-like emission light by means of the 
optical path changing slopes of the optical path control layer; 
increase in the quantity of light incident on the optical path 
control layer by diffusing transmitted light in the 
liquid-crystal display panel; and so on. 
[0029] 

As the polarizer, any suitable plate may be used without 
any specific limitation. From the point of view of obtaining 
display with a good contrast ratio based on the entrance of 
highly linearly polarized light, it is possible to preferably 
use a polarizer with a high degree of polarization, for example, 
such as: an absorption type polarizing film formed in such a 
manner that a dichromatic substance such as iodine or dichromatic 
dye is absorbed into a hydrophilic polymeric film such as a 
polivinyl alcohol film, a partially formalized polivinyl 


alcohol film, or a partially saponified ethylene-vinyl acetate 
copolymer film, and then the film which has absorbed the 
dichromatic substance is drawn to extend; a polarizing film 
in which a transparent protective layer is provided on one side 
5 or both sides of the aforementioned absorption type polarizing 
film; or the like. 
[0030] 

p.- A material excellent in transparency, mechanical 

s 

jjg* strength, thermal stability, moisture sealability, and so on, 

m 

U,10 is preferably used for the formation of the aforementioned 

ft 

transparent protective layer. Examples of the material may 

^ include: polymer such as acetate resin, polyester resin, 

13 

polyether sulf one resin, polycarbonate resin, polyamide resin, 

,?& 

jSJ; polyimide resin, polyolefin resin, acrylic resin, polyether 
15 resin, polyvinyl chloride resin, styrene resin, or norbornane 
resin; thermoset or ultraviolet-curing resin such as acrylic 
resin, urethane resin, acrylic-urethane resin, epoxy resin, 
silicon resin, or the like; etc. The transparent protective 
layer may be attached by a bonding method in the form of a film, 
20 or by a coating method in the form of a polymer solution or 
the like, etc. Incidentally, such a polarizer may be provided 
on each of the sides of the liquid-crystal cell as illustrated 
in Fig. 2, or only one side of the liquid-crystal cell as 
illustrated in Fig. 1. 
25 [0031] 


22 


On trie ^ film obtained 
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100321 the side surface of the 
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^1 is provided so that lign 
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display device is made incident on the side surface of the 
liquid-crystal display panel. Thus, reduction in thickness 
and weight of the reflection type liquid-crystal display device 
can be attained by combination of the illuminator with the 
5 optical path control layer disposed on the visual side of the 
panel. From the point of view of preventing incident light 
from the illuminator from entering the liquid-crystal layer, 
n there is a preferable method in which the illuminator is disposed 

on the side surface of the visual-side substrate as described 

in 

hKLO above, especially on the side surface of the visual-side 

« 

*"4 substrate which is protruded more greatly than the side surface 

Si 

y - of the back-side substrate. 

13 

IB 

[0033] 

y A suitable material may be used as the illuminator. 

15 Preferable examples of the material may include : a linear light 
source such as a (cold or hot) cathode-ray tube or the like; 
a point light source such as a light emission diode or the like; 
an array in which such point light sources are set in a linear 
or planar array or the like; a combination of a point light 

20 source and a linear light pipe through which incident light 
from the point light source is converted into a linear light 
source; and so on. As shown in Figs. 1 and 2, the illuminators 
51 and 53 may be disposed on at least one side surface of the 
liquid-crystal display panel. In the case where illuminators 

25 are disposed on two or more side surfaces, the side surfaces 

2 4 


Bay be used as a cognation of opposite side surfaces as shown 
in Fig. 2, or as a combination of side surfaces intersects 
le ngthwise and crosswise, or as a cognation of three or more 
5ide surfaces using both the aforementioned combinations . 

Titlnc. on the illuminator allows visual recognition 
in th . illumination mode. When visual recognition is made in 
th e external light mode, it is unnecessary to switch on the 
illuminator. Therefore, the illuminator is made switchable 
on/off. As the switching method, a suitable method may be 
adopted, or any bac.ground-art method may be adopted. 
In cidentally, the illuminator may be of a multi-color light 
, emission system which can change over between emission colors . 

? , ■ with different colors may be emitted from 

)£ Alternatively, lights with diirere 

"l5 different kinds of illuminators. 

r«Lrd.n=. with necessity, as illustrated in Fig. 1 
(Fig 21 , the illuminators! (51, ,3, may be formed in a coined 
b ody'in which suitable assisting means such as a light source 
2 0 holder 5 2 (52. 54, for surrounding the illuminator to guide 
di vergentlighttothesidesurfaceoftheliguid-crystaldisplay 

panel . As t he light source holder, a suitable reflective sheet 
uh ich can reflect at least the light from the illuminator may 
b e used. As the reflective sheet, it is possible to use a resin 
25 sheet provided with a high reflectance metal thin film, a white 
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may b e used as a ^ — — " " " " 

~ — - - - * — - - 

o£ th e ii 9 ht sou.ce hoider a, bonded to en, portrons * ^ 

of the cell substrate of the liquid-crystal 
and lower surfaces of the 

X especially to end portions of upper and lower 
display panel, especial y 

surfaces of the visuai-side substrate. 


m. [0036] 
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The optica, path controi layer is provide, for the 
^in^ect. Th at is, the opticai pat, of t h e iucide 

• tnT 51 disposed on the side surface of 
light from the illuminator 51 dxsp 

..i as illustrated in Fig. 1, ° r 
the liquid-crystal display panel as 

'.roHliaht of the incident lig^ 
the optical path of the transmitted light 

A the back-side substrate of the panel through 
is changed toward the back 
5 the optical pat, chan^ slopes Al, and the li 9 ht rs 

re£lected .nver t ed b y the — « so as to b, used as 
u „tion ii 9h t .dispia, i igh t, . —"calpat ^ont 
l ay er is disposed outside the visual-side substrate i of 
liq uid-crystal display panel and .eneraily disposed 

i c iHp surface portion. 
20 visual-siae suna 
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lopes Al each mclined at an inciination an.le in a ran, o 
:i3 5 to 4 S d e g rees U rthrespecttoareferencepiane ( vrrt U al 
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• tal plan., of the visual-side substrate in order so that 

horizontal plane; ^ j- 

^U^ — i — r5 l ,51, ,3, is reflected 
to thereby change the optical path of the light into a 

•n ctr.tedinFig. 1 (Fig- 2) • The 
• ^ Hi rpction as lllustratea m xy 
predetermined direction 

v, a rpoetitive structure of the 
optical path control layer has a repetit 
P , „ for the purpose of attaining 

optical path changing slopes for the P P 

• thickness. The optical path control layer 

reduction in its thickness. 

• , refractive index higher than that 
is formed as a layer having a ref racti 

1 aver provided on rne 
o£ the iow-ref ractive-index transparent layer 

„ bstrate !f the refractive index of the opt^al 
visual-side substrate. 

, ol layer is lower than that of the transparent layer, 
path control layer transm itted light 

the incident light fro. the il—tor or 
h f is apt to be enclosed by the visual-side substrate. 

t incidence of light onto the optical path control 
5 layer is disturbed so that tne 


light . 

[0038: 


ne optical path control layer can be forc es a layer 

nt that the optical path control 
, citable form except that uue r 
having any sur a ^ 

20 -ver has such a re 

opticalpathchangingslopes. „ aht excellent 

■ frontal directivity, the optical path control layer 

in frontal haying 

preferably provided as an optical path 

trt ve structure of a pluraUty of optical path changing 

25 a repetitive 


me ans A with optical path changing slopes Al facia, the srde 
surface where the illuminator is disposed, that is, facing the 
incidence side surface, and more preferably provided as an 
optical path control layer having a repetitive structure of 
a plurality of optical path changing means A which have optical 
path changing slopes Al and which are formed into prism-lr k e 
structures. 

Tgs. 3A to 3E show examples of the plurality of optical 
„ path changing means A with the optical path changing slopes 
or prism-li.ce structures described above. In Figs. 3A to 3C, 
each of the optical path changingmeans A is shaped substantially 
lik e a triangle in section. In rigs. 30 and 3E. it is shaped 
substantially li*. a guadrangle in section. In addition, rn 
15 Fi g. 3A, each of the plurality of optical path changing means 
A has two optical path changing slopes Al constituted by two 
egual sides of an isosceles triangle. In rig. 3B. each of the 
plu rality of optical path changing means A has an optical path 

20 inclination angle than that of the slope Al with respect to 
th e reference plane. On the other hand, in Fig. 3C. each of 
the plurality of optical path changing means A has an optical 
path changing slope Ai, and a gentle slope A2 having a smaller 
inclination angle than that of the slope Al . In addition, a 
25 repetitive structure in which the plurality of optical path 
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ans A are continuously adjacent to one another is 
changing means A are com 

lay er . In Fig . 3D, th. Plurality o f optical path changing ,eans 
A are constituted by convex portions .protrusions, . In Fx,. 
3E , the plurality o £ optica! path chan g m g n eans A are 
constituted by concave portions (grooves) . 

T2 examples described above, there £ ore, theplurality 
„ of optrcal path changing ,eans „ay be constituted by convex 
». M concave portions each ,ade oi e q uilateral sides or slopes 
lth egual inclination angles, or m ay be consented by convex 

^ m *de of a combination of an optical 
or concave portions each made ot a 
13 , a steep or gentle slope or slopes 

m path changing slope and a steep or g 

S diff erent in inclination angle. The format of the slopes may 
be de termined suitably in accordance with the number and 
positions of side surfaces where light is made incident. - 
the point of view to improve mar-proofness to maintain the 
action of the slopes, it is favorable to form the plural ty 
of optical path changing means into concave portions rather 
than convex portions because the slopes, or the U*. in the 
concave portions are rarely damaged. 
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[004i: 


characterise such as trontal d.rectrvrty, or the lite, it 
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path changing slopes Al each of which has an inclination angle 
in a range of from 35 to 48 degrees with respect to the reference 
plane and which face the side surface where light is incident, 
as illustrated in Figs . 3A to 3E. Therefore, when illuminators 
5 are disposed on two or more side surfaces of the liquid-crystal 
display panel so that two or more incidence side surfaces are 
provided, it is preferable to use an optical path control layer 
131 having optical path changing slopes Al formed in accordance 
with the number and positions of the side surfaces. 

Mao [0042] 

'^t Incidentally, in the case where illuminators 51 and 53 

are disposed on two opposite side surfaces of the liquid-crystal 
display panel as illustrated in Fig. 2, it is preferable to 
use an optical path control layer 11 having two optical path 

15 changing slopes Al provided in the following manner. That is, 
as shown in Fig. 3A, the ridgelines of the two optical path 
changing slopes Al of each optical path changing means A which 
is shaped substantially like an isosceles triangle in section 
go parallel with the aforementioned side surfaces. 

20 Alternatively, as shown in Figs. 3D and 3E, the ridgelines of 
the two optical path changing slopes Al of each optical path 
changing means A which is shaped substantially like a trapezoid 
in section go parallel with the incidence side surfaces. On 
the other hand, in the case where illuminators are disposed 

25 on two side surfaces of the liquid-crystal display panel which 
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intersect lengthwise and crosswise, it is preferable to use 
an optical path control layer which has optical path changing 
slopes Al the ridgelines of which go parallel with the two 
lengthwise and crosswise directions correspondingly to the side 
surfaces . Further, in the case where illuminators are disposed 
on three or more side surfaces including opposite side surfaces 
and lengthwise and crosswise side surfaces, it is preferable 
to use an optical path control layer having optical path changing 
slopes Al constituted by the combination of the aforementioned 
slopes. 

[0043] 

The aforementioned optical path changing slopes Al play 
the following role. That is, of the light incident on the side 
surfaces from the illuminators and the transmitted light of 
the incident light, the slopes Al reflect the light incident 
thereon to change the optical path of the light to thereby supply 
the light to the back side of the liquid-crystal display panel . 
In this case, the inclination angle of the optical path changing 
slopes Al with respect to the reference plane is set to be in 
a range of from 35 to 48 degrees. Thus, as represented by the 
broken-line arrow in Fig. 1, the optical path of the light 
incident on the side surfaces or transmitted light thereof can 
be changed with good perpendicularity to the reference plane 
so that display light excellent in frontal directivity can be 
obtained efficiently. If the aforementioned inclination angle 


is smaller than 35 degrees, the optical path of the light 
reflected by the reflector is displaced largely from the frontal 
direction. Thus, it is difficult to use the reflected light 
effectively for display, and the frontal luminance becomes low. 
On the contrary, if the inclination angle exceeds 48 degrees, 
light leaking from the optical path changing slopes increases 
due to the contrariety to the condition that light incident 
on the side surfaces or transmitted light thereof is totally 
reflected. Thus, the efficient utilization of the light 
incident on ^the side surfaces is deteriorated. 
[0044] 

From the point of view of changing the optical path with 
excellent frontal directivity, restraining light from leaking, 
or the like, the inclination angle of the optical path changing 
slopes Al is preferably in a range of from 38 to 45 degrees, 
more preferably in a range of from 40 to 44 degrees in 
consideration of the total reflection conditions based on the 
refraction of the transmitted light in the liquid-crystal 
display panel in accordance with Snell ! s law, and so on. 
Incidentally, the total reflection condition of a glass plate 
is generally 42 degrees. In this case, light incident on the 
side surface is incident on the optical path changing slopes 
while the light is transmitted in a state in which the light 
is condensed in a range of ±42 degrees. 

[0045] 


The plurality of optical path changing means A having 
the optical path changing slopes Al are formed as a repetitive 
structure as illustrated in Figs. 4, 5 and 6 in order to reduce 
the thickness of the optical path control layer as described 
5 above. In this case, from the point of view of reflecting light 
incident on one side surface backward and efficiently 
transmitting the reflected light to a side surface opposite 

pj ; to the aforementioned back side surface, as represented by oc2 

in Fig. 1, so as to emit the light on the whole surface of the 

1*10 liquid-crystal display as uniformly as possible, the structure 
is preferably formed as a structure including gentle slopes 

13: 

!L A2 each inclined at an inclination angle of not larger than 

! f: 
rtssr. 

in- 

YJ' 10 degrees, especially not larger than 5 degrees, more especially 

jSj! not larger than 3 degrees with respect to the reference plane, 

'ass* 

!■*>■ 

' 15 or including flat surfaces A3 each inclined at an inclined angle 
of substantially 0 degree with respect to the reference plane 
as shown in Figs. 3A to 3E by way of example. It is therefore 
preferable that the plurality of optical path changing means 
A including the steep slopes A2 illustrated in Fig. 3B have 
20 a structure in which the inclination angle of the steep slopes 
A2 is set to be not smaller than 35 degrees, particularly not 
smaller than 50 degrees, more particularly not smaller than 
60 degrees with respect to the reference plane, so that the 
width of the flat surfaces A3 can be enlarged. 
25 [0046] 
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The aforementioned gentle slopes A2 or flat surfaces A3 
can be made to function as incidence portions on which light 
in an illumination mode and external light in an external light 
mode are incident and as the transmission portions through which 
the display light al of the incident light in the illumination 
mode and the display light (5 of the incident light in the external 
light mode reflected by the reflector 42 are transmitted, as 
illustrated in Fig. 1. Thus, a reflection type liquid-crystal 
display device which can be used both in an external light mode 
and in an illumination mode is achieved. In this case, 
particularly when the optical film has a repetitive structure 
of the plurality of optical path changing means A each 
constituted by the slopes Al and A2 and repeated adjacently 
to one another as shown in Fig. 3C, it is preferable that any 
difference in inclination angle with respect to the reference 
plane between the gentle slopes A2 in the whole of the optical 
path control layer is set to be not larger than 5 degrees, 
especially not larger than 4 degrees, more especially not larger 
than 3 degrees. Further, it is preferable that any difference 
in inclination angle between two gentle slopes adjacent to each 
other is set to be not larger than 1 degree, especially not 
larger than 0.3 degree, more especially not larger than 0.1 
degree. This difference setting is to prevent the optimum 
viewing direction of the reflection type liquid- crystal display 
device, especially the optimum viewing direction in a neighbor 


of the frontal direction from changing largely because of 
transmission of the light through the gentle slopes A2 , and 
particularly to prevent the optimum viewing direction from 
changing largely between adj acent gentle slopes . In addition, 
from the point of view of obtaining bright display in the external 
light mode, it is preferable that the projected area of the 
gentle slopes A2 on the reference plane is set to be not smaller 
than 5 times, especially not smaller than 10 times, more 
especially not smaller than 15 times as large as that of the 
optical path changing slopes Al . This projected area setting 
is to improve the incidence efficiency of external light and 
the transmission efficiency of the display light reflected by 
the reflector. 
[0047] 

The plurality of optical path changing means A are provided 
so that their ridgelines go parallel with or are inclined to 
the incidence side surface of the liquid-crystal display panel 
on which the illuminator 51 is disposed as illustrated in Figs. 
4 to 6 . In this case, the plurality of optical path changing 
means A may be formed continuously from one end of the optical 
path control layer to the other end as illustrated in Figs. 
4 and 5, or may be formed discontinuously and intermittently 
as illustrated in Fig . 6 . When the optical path changing means 
A are formed discontinuously, it is preferable that the length 
of prismatic structures, which are constituted by grooves or 


protrusions, in the direction along the incidence side surface 
is made not smaller than 5 times as long-as the depth or height 
of the prismatic structures from the point of view of the 
incidence efficiency or the optical path changing efficiency 
of the transmitted light, or the like. In addition, it is 
preferable that the aforementioned length is set to be not larger 
than 500 jam, especially in a range of from 10 to 480 ym, more 
especially in a range of from 50 to 450 jam, from the point of 
view of uniform light emission on the display surface of the 
panel . 

[0048] 

There is no specific limit on the sectional shape of the 
optical path changing means A or the repetitive pitch of the 
optical path changing slopes Al . "The optical path changing 
slopes Al are luminance-determining factors in the illumination 
mode . Therefore, the number of the optical path changing slopes 
Al can be determined suitably in accordance with the uniformity 
of light emission on the display surface of the panel in the 
illumination mode or in the external light mode. Thus, the 
quantity of optical-path-changed light can be controlled by 
the distribution density of the optical path changing slopes 
Al . Accordingly, the slopes Al, A2, etc. may have a shape with 
a fixed inclination angle, or the like, all over the surface 
of the optical path control layer. Alternatively, in order 
to cope with absorption loss or attenuation of the transmitted 


light because of previous changing of its optical path and 
unif ormalize light emission on the display surface of the panel, 
the optical path changing means A may be made larger as it goes 
farther from the side surface where light is incident, as 
5 illustrated in Fig. 7. 
[0049] 

Further, the plurality of optical path changing means 
A may be made to have a fixed pitch as illustrated in Fig. 7, 

s 

|p or may be made to have a pitch which is reduced gradually to 

m 

\*kl0 thereby increase the distribution density of the optical path 

m 

Nl changing means A as it goes farther from the side surface where 

O 

*L. light is incident as illustrated in Fig. 8. Further, uniform 

W light emission may be attained on the display surface of the 

5f : panel by a random pitch. In addition, when the optical path 
15 changing means A are made of prismatic structures constituted 
by discontinuous grooves or protrusions, the size, the shape, 
the distribution density, the ridgeline direction, etc. of the 
prismatic structures may be made irregular, or the irregular 
or regular or standardized prismatic structures may be arranged 
20 at random so that uniform light emission on the display surface 
of the panel can be attained. Hence, uniform light emission 
on the display surface of the panel can be achieved by application 
of a suitable method to the optical path changing means A as 
described above by way of example. Incidentally, the arrow 
25 direction in Figs. 7 and 8 designates the direction of 
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transmission of the light incident on the side surface. 
[0050] 

Incidentally, when the optical path changing slopes Al 
overlap with pixels of the liquid-crystal cell, display may 
5 become unnatural due to insufficient transmission of display 
light. From the point of view to prevent such insufficiency, 
it is preferable that the overlapping area is made as small 

Q: as possible, so as to ensure sufficient light transmittance 

5 

jg through the gentle slopes A2 or the flat surfaces A3. In 

iJi 

1*10 consideration of not only such a point but also the fact that 
^ the pixel pitch of the liquid-crystal cell is generally in a 

range of from 100 to 300 jam, it is preferable that the optical 
p' : path changing slopes Al are formed so that the projected width 

« thereof on the reference plane is not larger than 40 jam, 

15 especially in a range of from 3 to 20 ym, more especially in 
a range of from 5 to 15 ym. Since the coherence length of a 
fluorescent tube is generally set to be about 20 jam, such a 
projected width is preferable also from the point of view to 
prevent the display quality from deterioration due to 
20 diffraction. 

[0051] 

On the other hand, from the aforementioned point of view, 
it is preferable that the optical path changing slopes Al have 
large intervals. However, the optical path changing slopes 
25 Al function as substantial portions for forming illumination 
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light by changing of the optical path of light incident on the 
side surface as mentioned above. Accordingly, if the interval 
is too wide, illumination is sparse at the time of switching 
on the illuminator so that display may be unnatural. In 
consideration of these facts, it is preferable that the 
repetitive pitch of the optical path changing slopes Al is set 
to be not larger than 5 mm, especially in a range of from 20 
ym to 3 mm, more especially in a range of from 50 pm to 2 mm. 
[0052] 

When the plurality of optical path changing means are 
formed into a repetitive prismatic structure, moire may occur 
because of interference between the optical path changing means 
and the pixels of the liquid-crystal cell. Although moire can 
be prevented by adjustment of the pitch in the repetitive 
structure, there is a preferable range in the pitch of the 
repetitive structure as mentioned above. Hence, 
countermeasures against the case where moire still occurs even 
if the pitch is in the aforementioned preferable range become 
a problem. According to the present invention, the prismatic 
structures are formed so that their ridgelines are inclined 
with respect to the incidence side surface. Thus, the 
repetitive prismatic structure can be arrayed across the pixels 
so as to prevent moire. In this case, if the inclination angle 
with respect to the incidence side surface is too large, 
deflection may occur in reflection by the optical path changing 


slopes Al . As a result, large deviation may occur in the changed 
direction of the optical path. This is apt to cause lowering 
of display quality. Therefore, the inclination angle of the 
ridgelines of the prismatic structures with respect to the 
incidence side surface is preferably set to be in a range of 
±30 degrees, more preferably in a range of ±25 degrees. 
Incidentally, the symbol M ±" means the direction of inclination 
of the ridgelines with the incidence side surface as a reference . 
If the resolution of the liquid-crystal cell is low enough not 
to produce moire, or if moire is negligible, it is preferable 
that such ridgelines are formed to be as parallel with the 
incidence side surface as possible. 
[0053] 

The optical path control layer can be made of a suitable 
material exhibiting transparency in accordance with the 
wavelength range of light from the illuminator and having a 
refractive index higher than that of the low-refractive-index 
transparent layer . Incidentally, examples of thematerial used 
in a visible light range may include polymer, curable resin, 
and glass, as described above in the description of the 
transparent protective layer by way of example. An optical 
path control layer made of a material exhibiting no birefringence 
or little birefringence is preferable. From the point of view 
of suppressing the quantity of loss light which is enclosed 
by the panel because of the aforementioned interface reflection 
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so as to be unable to exit from the panel, and from the point 
of view of efficiently supplying light incident on the side 
surface or the transmitted light thereof to the optical path 
control layer, especially to the optical path changing slopes 
Al of the optical path control layer, it is preferable that 
the optical path control layer has a refractive index higher 
by 0.05 or more, especially by 0.08 or more, more especially 
by a value of from 0 . 1 to 0 . 5 than that of the low-refractive-index 
transparent layer . In addition, from the point of view in which 
the incident light from the illuminator or the transmitted light 
thereof is made incident on the optical path control layer from 
the visual-side substrate efficiently so as to achieve bright 
display through the optical path changing slopes, it is 
preferable that the optical path control layer has such a 
refractive index that the refractive index difference between 
the optical path control layer and the visual-side substrate 
is not larger than 0.15, especially not larger than 0.10, more 
especially not larger than 0.05 and particularly the optical 
path control layer has a refractive index higher than that of 
the visual-side substrate. 
[0054] 

The optical path control layer can be formed by a cutting 
method or by any suitable method. Preferable examples of the 
method for producing the optical path control layer from the 
point of view of mass production, or the like, may include: 


a method in which a thermoplastic resin is pressed against a 
mold capable of forming a predetermined shape by heating to 
thereby transfer the shape; a method in which a mold capable 
of forming a predetermined shape is filled with a hot-melted 
thermoplastic resin or a resin f luidized by heat or by a solvent ; 
a method in which a fluid resin polymerizable by heat, by 
ultraviolet rays or radial rays or the like is polymerized in 
the condition that the fluid resin is cast in a mold capable 
of forming a predetermined shape or in the condition that the 
mold is filled with the fluid resin; or the like. Hence, the 
optical path control layer may be formed by adding the 
predetermined shape directly to the visual-side substrate, or 
the like, or may be formed as a transparent sheet, or the like, 
having the predetermined shape. 
[0055] 

Although the thickness of the optical path control layer 
can be determined suitably, it is generally set to be not thicker 
than 300 ym, especially in a range of from 5 to 200 ym, more 
especially in a range of from 10 to 100 ym, from the point of 
view of reducing the thickness of the optical path control layer . 
Incidentally, when the optical path control layer is formed 
independently as a transparent sheet, or the like, it is 
preferable that the transparent sheet, or the like, is bonded 
to the liquid-crystal display panel through an adhesive layer 
having a refractive index higher than that of the 


low-refractive-index transparent layer, especially an adhesive 
layer having a refractive index as equal to that of the 
transparent sheet as possible, more especially an adhesive layer 
having a refractive index between that of the transparent sheet 
and that of the visual-side substrate. In such a manner, the 
incident light, or the like, can be made efficiently incident 
from the visual-side substrate onto the optical path control 
layer so as to achieve bright display. Hence, the refractive 
index of the adhesive layer can be set in accordance with the 
optical path control layer. 
[0056] 

The adhesive layer can be made of any suitable transparent 
adhesive agent without any specific limitation in kind. A 
bonding method by use of a tacky layer is preferable from the 
point of view of easiness of the bonding treatment, or the like. 
The tacky layer is preferably formed of an adhesive agent, or 
the like, using suitable polymer as base polymer, for example, 
rubber, acrylic, vinyl-alkyl ether, silicon, polyester, 
polyurethane, polyether, polyamide, styrene, etc. Especially, 
it is preferable to use an adhesive agent superior in 
transparency, weatherability, heat resistance, and so on, such 
as an acrylic adhesive agent in which polymer mainly containing 
acrylic or methacrylic alkyl ester is used as base polymer. 

[0057] 

The optical path control layer is disposed on the visual 


side of the liquid-crystal display panel. In this case, it 
is preferable that the slope-forming surface of the optical 
path control layer, that is, the surface where the plurality 
of optical path changing means A are formed, is disposed on 
5 the outer side (visual side) as illustrated in Figs. 1 and 2, 
from the point of view of the efficiency of reflection by the 
optical path changing slopes Al of the plurality of optical 
15 path changingmeans Aand, accordingly, improvement of luminance 

|SS. based on efficient utilization of light incident on the side 

ill 

M' 10 surface, and- so on. 
H [0058] 

l L The outer surface of the optical path control layer may 

13: 

1^' be subjected to a non-glare treatment or an anti-reflection 

S treatment in order to prevent obstruction to visual recognition 

u 

15 from being caused by surface reflection of external light . The 
non-glare treatment may be done by making the surface have a 
fine prismatic structure by various methods such as: a surface 
roughingmethodof sandblasting, embossingor the like; a loading 
method of transparent particles of silica or the like; etc. 

20 The anti-reflection treatment may be done by a method for forming 
a coherent vapor-deposited film, or the like. Alternatively, 
the non-glare or anti-reflection treatment may be done by a 
method for bonding a film having such a fine prismatic surface 
structure or such a coherent film to the surface of the optical 

25 path control layer, or the like. 
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[0059] 

As described above, a light-diffusing layer may be 
disposed in the reflection type liquid-crystal display device 
according to the present invention. The light-diffusing layer 
can be provided by a suitable method such as by forming a coating 
layer, a diffusing sheet, or the like, having a fine prismatic 
surface structure similar to the aforementioned non-glare layer. 
Although the position of arrangement of the light-diffusing 
layer can be determined suitably, it is generally preferable 
that the light-diffusing layer is disposed between the optical 
path control layer and the visual-side substrate from the point 
of view of stability of display quality, or the like. In this 
case, in order to attain reduction in thickness of the 
liquid-crystal display device, the light-diffusing layer may 
be formed as a light diffuse type adhesive layer containing 
transparent particles so that the light-diffusing layer serves 
also as an adhesive layer for bonding the transparent sheet 
of the optical path control layer or as an adhesive layer for 
bonding a polarizer and a phase retarder to each other. Hence, 
one light-diffusing layer may be disposed or two or more 
light-diffusing layers may be disposed. 

[0060] 

Incidentally, as the transparent particles contained in 
the adhesive layer, one or two kinds of suitable transparent 
particles may be selected from inorganic particles, such as 


silica, alumina, titania, zirconia, tin oxide, indium oxide, 
cadmium oxide, antimony oxide or the like; or from organic 
particles such as crosslinked or non-crosslinked polymer or 
the like. The inorganic particles have an average size in a 
range of from 0,5 to 20 jam and may be electrically conductive. 
[0061] 

In the reflection type liquid-crystal display device 
according to the present invention, a larger part of the light 
incident on the incidence side surface is transmitted backward 
through reflection through the liquid-crystal display panel, 
especially through the visual-side substrate of the 
liquid-crystal display panel in accordance with the law of 
refraction. Hence, while light is prevented from exiting 
(leaking) from the surface of the panel, the optical path of 
the light incident on the optical path changing slopes Al of 
the optical path control layer is efficiently changed to the 
backward direction with good perpendicular directivity. The 
other part of the transmitted light is further transmitted 
backward by total reflection so as to be incident on the optical 
path changing slopes Al . Hence, the optical path of the other 
part of the transmitted light is efficiently changed to the 
backward direction with good perpendicular directivity. As 
a result, display excellent in uniformity of brightness on the 
whole display surface of the panel can be achieved. Accordingly, 
there can be formed a reflection type liquid-crystal display 


device which can be used both in an external light mode and 
in an illumination mode by using light from the illuminator 
or external light efficiently, and which is bright, easy to 
view and excellent in display quality. 
[0062] 

Incidentally, according to the present invention, 
optical devices or parts such as an optical path control layer, 
a liquid-crystal cell, a polarizer, a phase retarder, etc. for 
forming the reflection type liquid-crystal display device may 
be wholly or partially integrally laminated/fixed onto one 
another or may be disposed to be separable easily from one another . 
From the point of view of prevention of lowering of contrast 
based on suppression of interface reflection, or the like, it 
is preferable that such optical devices or parts are fixed onto 
one another. A suitable transparent adhesive layer made of 
an adhesive agent or the like can be used for the fixing/adhering 
process. The transparent adhesive layer may contain the 
aforementioned transparent particles so that the adhesive layer 
exhibits a diffusing function, or the like. In addition, the 
aforementioned optical devices or parts, particularly those 
on the visual side may be made to have ultraviolet absorbing 
ability, for example, by a method of treating them with an 
ultraviolet absorbing agent such as salicylic ester compound, 
benzophenone compound, benzotriazole compound, cyanoacrylate 
compound, nickel complex compound, or the like. 


[0063] 
[Examples] 
Reference Example 1 

Magnesium fluoride was applied onto a non-alkali glass 
5 plate having a thickness of 0.7 mm and a refractive index of 
1.52 by vacuum evaporation to thereby form a 
low-refractive-index transparent layer having a thickness of 
p| 600 nm and a refractive index of 1.38 on the non-alkali glass 

!Sl plate. Red, blue and green stripe-like color filter layers 

m 

M^lO and an ITO transparent electrically conductive layer were 
successively formed on the low-refractive-index transparent 

U 

!U. layer. Then, the transparent electrode thereof was divided 

by etching and a polyvinyl alcohol solution was applied thereon 
by spin coating. The dried film obtained thus was subjected 

15 to a rubbing treatment. Thus, a visual-side substrate was 
obtained. On the other hand, an ultraviolet-curable resin 
layer was formed on a non-alkali glass plate in the same manner 
as described above. After the ultraviolet-curable resin layer 
was subjected to a surface-roughening treatment, aluminum vapor 

20 was deposited on the ultraviolet-curable resin layer to thereby 
form a diffuse reflection type electrode. A rubbing film was 
provided on the electrode in the same manner as described above . 
Thus, a back-side substrate was obtained. 
[0064] 

25 Then, a gap adjusting material was disposed while the 
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visual-side substrate and the back-side substrate were disposed 
to be opposite to each other so that the rubbing directions 
of the respective rubbing surfaces of the two substrates crossed 
each other perpendicularly. After the periphery of the two 
5 substrates was sealed with an epoxy resin, liquid crystal 
(ZLI-4792, made by MERCK & CO . , INC.) was in j ected between the 
two substrates to thereby form a TN reflection type 
p. liquid-crystal cell . Polarizers (NPF EGW1225DU, made by NITTO 

jfe DENKO CORPORATION) subjected to an anti-reflection treatment 

m 

h&10 and a non-glare treatment were stuck onto opposite surfaces 
of the liquid-crystal cell . Thus, a normally white reflection 
;L type liquid-crystal display panel was obtained. The size of 

. - 1 ■ the panel was 45 mm wide and 34 mm long. One side surface of 

jSj! : the visual-side substrate in the direction of the length of 

jl*: 

1 5 the panel was protruded outward by 2 mm from that of the back- side 
substrate. Then, a cold-cathode tube was disposed on the 
protruded side surface of the visual-side substrate and 
surrounded by a silver-vapor-deposited polyester film. End 
portions of the film were bonded to upper and lower surfaces 

20 of the substrates by a double-side adhesive tape so that the 
cold-cathode tube was held and fixed. 

[0065] 
Reference Example 2 

A normally white reflection type liquid-crystal display 

25 panel provided with a cold-cathode tube held on one of side 
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surfaces of the panel was obtained in the same manner as in 
Reference Example 1 except that the thickness of the 
low-refractive-index transparent layer made of magnesium 
fluoride was changed to 300 nm. 

[0066] 
Reference Example 3 

A normally white reflection type liquid-crystal display 
panel provided with a cold-cathode tube held on one of side 
surfaces of the panel was obtained in the same manner as in 
Reference Example 1 except that the thickness of the 
low-refractive-index transparent layer made of magnesium 
fluoride was changed to 100 nm. 

[0067] 
Reference Example 4 

A normally white reflection type liquid-crystal display 
panel provided with a cold-cathode tube held on one of side 
surfaces of the panel was obtained in the same manner as in 
Reference Example 1 except that the low-refractive-index 
transparent layer made of magnesium fluoride was not provided 
on the visual-side substrate. 

[0068] 
Reference Example 5 

A normally white reflection type liquid-crystal display 
panel provided with cold-cathode tubes held on two of side 
surfaces of the panel was obtained in the same manner as in 
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Reference Example 1 except that the size of the panel was changed 
to a size of 45 mm wide and 36 mm long so that opposite side 
surfaces of the visual-side substrate in the lengthwise 
direction were protruded outward by 2 mm from those of the 
5 back-side substrate. 
[0069] 
Reference Example 6 
q : A normally white reflection type liquid-crystal display 

s 

panel provided with cold-cathode tubes held on two of side 

.Hi 

|*WL0 surfaces of the panel was obtained in the same manner as in 

Nt Reference Example 5 except that the low-refractive-index 

f ! transparent layer made of magnesium fluoride was not provided 

r! - on the visual-side substrate. 

Hi- 

^ [0070] 
|I 

15 Reference Example 7 

An acrylic ultraviolet-curable resin (ARONIX UV-3701 
made by TOAGOSEI CHEMICAL INDUSTRY CO., LTD.) was dropped by 
a dropper so that a mold processed into a predetermined shape 
inadvance was filled with the acrylic ultraviolet-curable resin 

20 A triacetylcellulose (TAC) film (having a saponified surface 
and a refractive index of 1.49) having a thickness of S0\im was 
quietly set on the acrylic ultraviolet-curable resin and then 
stuck closely thereto by a rubber roller so that a surplus of 
the resin and air bubbles were removed. Then, the acrylic 

25 ultraviolet-curable resin was irradiated with ultraviolet rays 
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by a metal halide lamp so that the resin was cured. Then, the 
resin was peeled off from the mold and cut into a predetermined 
size. Thus, a transparent sheet having an optical path control 
layer having a refractive index of 1.51 was obtained. A tacky 
layer having a refractive index of 1 . 47 was attached to a surface 
of the transparent sheet where the optical path control layer 
was not provided. 
[0071] 

Incidentally, the transparent sheet was 40 mm wide and 
30 mm long. The transparent sheet had prism-like concave 
portions disposed continuously at intervals of a pitch of 210 
jam and having ridgelines inclined at an angle of 21 degrees 
in the widthwise direction (Fig. 3C) . Each of the prism-like 
concave portions had an optical path changing slope Al and a 
gentle slope A2 . The inclination angle of each of the optical 
path changing slopes Al was 42 degrees. The inclination angle 
of each of the gentle slopes A2 varied in a range of from 1.8 
to 3.5 degrees . The difference between the inclination angles 
of adjacent ones of the gentle slopes A2 was not larger than 
0.1 degree. The projected width of each of the optical path 
changing slopes Al on a reference plane was in a range of from 
10 to 16 jam. The ratio of the projected area of the gentle 
slopes on the reference plane to the pro j ected area of the optical 
path changing slopes on the reference plane was not smaller 
than 12. 
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[0072] 
Reference Example 8 

An optical path control layer having a refractive index 
of 1.51 was formed in the same manner as in Reference Example 
7 except that the TAC film was replaced by a polycarbonate film 
having a thickness of 60 iam. The optical path control layer 
was peeled of f from the polycarbonate film . Thus , a transparent 
sheet serving as the optical path control layer itself was 
obtained. A tacky layer having a refractive index of 1.51 was 
attached to a surface of the transparent sheet where the optical 
path control layer was not provided. Incidentally , the 
transparent sheet was 4 0 mm wide and 30 mm long . The transparent 
sheet had prism-like concave portions disposed continuously 
at intervals of a pitch of 210 \im and having ridgelines inclined 
at an angle of 21 degrees in the widthwise direction (Fig. 3B) . 
Each of the prism-like concave portions had an optical path 
changing slope Al and a steep slope A2 . The inclination angle 
of each of the optical path changing slopes Al was 42 degrees. 
The vertical angle between the optical path changing slope Al 
and the steep slope A2 was 70 degrees. The projected width 
of each of the optical path changing slopes Al on a reference 
plane was in a range of from 10 to 16 ]am. The projected area 
of the flat portions A3 on the reference surface was not smaller 
than 10 times as large as the total projected area of the optical 
path changing slopes Al and the steep slopes A2 on the reference 


plane . 

[0073] 
Reference Example 9 

A tacky-layer-including transparent sheet serving as an 
5 optical path control layer itself was obtained in the same manner 
as in Reference Example 8 except that another mold was used. 
The transparent sheet had a plurality of optical path changing 
n means (Fig. 3B) each having a length of 80 \im. Each of the 

'=}-!■ 

jv£ plurality of optical path changing means has an optical path 

m 

jsfrlO changing slope Al and a steep slope A2 . The inclination angle 
'Mi of each of the optical path changing slopes Al was about 42 

m 

*> degrees. The projected width of each of the optical path 

!il changing slopes Al on a reference plane was 10 pm. The 

jsdca 

W ; inclination angle of each of the steep slopes A2 was about 65 
' 4l 15 degrees. The lengthwise direction of the plurality of optical 
path changing means was parallel to an incidence side surface. 
The optical path changing means were disposed so that they became 
gradually dense as they went farther from the incidence side 
surface in the widthwise direction (Figs. 6 and 8). The 
20 projected area of the flat portions A3 on the reference surface 
was not smaller than 10 times as large as the total projected 
area of the optical path changing slopes Al and the steep slopes 
A2 on the reference plane . 
[0074] 

25 Reference Example 10 
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A tacky-layer-including transparent sheet serving as an 
optical path control layer itself was obtained in the same manner 
as in Reference Example 9 except that a further mold was used. 
The transparent sheet had a plurality of optical path changing 
means (Fig. 3A) having a length of 80 ym. Each of the optical 
path changingmeans was shaped like an isosceles triangle having 
optical path changing slopes Al as its egual sides. The 
inclination angle of each of the optical path changing slopes 
Al was about 42 degrees. The projected width of each of the 
optical path changing slopes Al on a reference plane was 10 
|im. The lengthwise direction of the optical path changingmeans 
was parallel to an incidence side surface. The optical path 
changing means were disposed at random so that they became 
gradually dense as they went from the incidence side surface 
to the center portion of the transparent sheet in the widthwise 
direction (Fig. 6) . The projected area of the flat portions 
A3 on the reference surface was not smaller than 10 times as 
large as the total projected area of the optical path changing 
slopes Al on the reference plane. 

[0075] 
Reference Example 11 

A tacky-layer-including transparent sheet serving as an 
optical path control layer itself was obtained in the same manner 
as in Reference Example 8 except that the surface of the mold 
was roughened by sandblasting. 


[0076] • 
Reference Example 12 

A tacky-layer-including transparent sheet serving as an 
optical path control layer itself was obtained in the same manner 
as in Reference Example 8 except that a further mold was used. 
The transparent sheet had prism-like concave portions disposed 
continuously at intervals of a pitch of 210 \im (Fig. 3B) . Each 
of the prism-like concave portions is constituted by an optical 
path changing slope Al and a steep slope A2 . The inclination 
angle of the optical path changing slope Al was 30 degrees. 
The vertical angle between the optical path changing slope Al 
and the steep slope A2 was 70 degrees. The projected width 
of each of the optical path changing slopes Al on a reference 
plane was in a range of from 10 to 16 jam. The projected area 
of the flat portions A3 on the reference plane was not smaller 
than 10 times as large as the total projected area of the optical 
path. changing slopes Al and the steep slopes A2 on the reference 
plane . 

[0077] 
Example 1 

A transparent sheet obtained in Reference Example 7 was 
bonded to a visual side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 1 
through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 


used both in an external light mode and in an illumination mode 
was obtained. 
[0078] 

Comparative Example 1 

A transparent sheet obtained in Reference Example 7 was 
bonded to a visual side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 4 
through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained. 

[0079] 
Example 2 

A transparent sheet obtained in Reference Example 8 was 
bonded to a visual side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 1 
through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained. 

[0080] 
Example 3 

A transparent sheet obtained in Reference Example 8 was 
bonded to a visual side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 2 


through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained. 

[0081] 
Example 4 

A transparent sheet obtained in Reference Example 8 was 
bonded to a visual side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 3 
through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained. 
[0082] 

Comparative Example 2 

A transparent sheet obtained in Reference Example 8 was 
bonded to a visual side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 4 
through the tacky layer of the transparent sheet.. Thus, a 
reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained. 

[0083] 

Comparative Example 3 

A transparent sheet obtained in Reference Example 11 was 
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id 


m 


bonded to a visual side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 1 
through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained . 
[0084] 

Comparative Example 4 


j^f A transparent sheet obtained in Reference Example 12 was 

:gp 10 bonded to a visual side surface of- a reflection type 
g liquid-crystal display panel obtained in Reference Example 1 

through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
3; used both in an external light mode and in an illumination mode 

15 was obtained. 

[0085] 
Example 5 

A transparent sheet obtained in Reference Example 9 was 
bonded to a visual side surface of a reflection type 

20 liquid-crystal display panel obtained in Reference Example 1 
through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained. 

25 [0086] 
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Comparative Example 5 

A transparent sheet obtained in Reference Example 9 was 

bonded to a visual side surface of a reflection type 

liquid-crystal display panel obtained in Reference Example 4 

5 through the tacky layer of the transparent sheet. Thus, a 

reflection type liquid-crystal display device capable of being 

used both in an external light mode and in an illumination mode 

Q: was obtained. 

m [0087] 
lit 

M ; 10 Example 6 

m 

A transparent sheet obtained in Reference Example 10 was 
L, bonded to a visual side surface of a reflection type 

liquid-crystal display panel obtained in Reference Example 5 

J** 

through the tacky layer of the transparent sheet. Thus, a 
15 reflection type liquid-crystal display device capable of being 
used both in an external light mode and in an illumination mode 
was obtained. 
[0088] 

Comparative Example 6 
20 A transparent sheet obtained in Reference Example 10 was 

bonded to a visual, side surface of a reflection type 
liquid-crystal display panel obtained in Reference Example 6 
through the tacky layer of the transparent sheet. Thus, a 
reflection type liquid-crystal display device capable of being 
25 used both in an external light mode and in an illumination mode 
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was obtained. 
[0089] 

Evaluation Test 
Frontal luminance in a position distanced by 5 mm from 
5 the incidence side surface, in the center portion and in a 
position distanced by 5 mm from the opposite side surface of 
the reflection type liquid-crystal display device obtained in 
q each of Examples 1 to 6 and Comparative Examples 1 to 6 was 

!Kp measured in a dark room by a luminance meter (BM-7 made by TOPCON 

m 

1*10 CORP.) while the cold-cathode tube was switched on in the 
^ condition that the liquid-crystal cell was supplied with no 

1J5ST: 

Ji voltage. Further, display in an illumination mode was observed 

. in a frontal direction, in a direction of 15 degrees on the 

H ! 

Sj/ incidence side surface side and in a direction of 15 degrees 

^15 on the opposite side surface side. On this condition, display 
quality was evaluated. The case where the display device was 
bright and excellent in uniformity of brightness so that light 
was exited efficiently was evaluated as o. The case where the 
display device was slightly inferior in brightness and 
20 uniformity of brightness was evaluated as A. The case where 
the display device was dark and uneven in brightness was 
evaluated as X. 
[0090] 

Results of the measurement were shown in the following 

25 table. 
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Frontal 

Luminance 

(cd/iri*) 


Incidence 

Center 

Opposite 


Side 

Portion 

Side 


Surface 


Surface 


Portion 


Portion 

Example 1 

34 

31 

29 

Comparative 

30 

8 

4 

Example 1 


Example 2 

35 

32 

36 

Example 3 

38 

30 

26 

Example 4 

34 

25 

21 

Comparative 

z y 

Q 

o 

C 

Example 2 


Comparative 

A 

a 
o 

a 

D 

Example 3 

H 


Comparative 
Example 4 

10 

8 

12 

Example 5 

36 

37 

34 

Comparative 
Example 5 

31 

10 

4 

Example 6 

68 

51 

54 

Comparative 
Example 6 

41 

35 

39 


(Continued) 



Display Quality 


Incidence 

Frontal 

Opposite 


Side Surface 

Direction 

Side Surface 


Side 


Side 

Example 1 

o 

o 

o 

Comparative 

X 

X 

X 

Example 1 




Example 2 

o 

o 

o 

Example 3 

A 

o 

o 

Example 4 

A 

A 

o 

Comparative 

X 

X 

X 

Example 2 




Comparative 

X 

X 

X 

Example 3 




Comparative 

X 

X 

A 

Example 4 




Example 5 

o 

o 

o 

Comparative 

X 

X 

X 

Example 5 




Example 6 

o 

o 

o 

Comparative 

X 

A 

X 

Example 6 





[0091] 

It is apparent from the table that bright and uniform 
display in an illumination mode was achieved in Examples 1 to 
6 whereas vary dark or uneven display occurred in Comparative 
Examples 1 to 6 . It is apparent from Examples 2, 3 and 4 that 
characteristic in the incidence side surface portion was 
improved and uni f ormi ty of brightness increased as the thickness 
of the low-refractive-index transparent layer increased. In 
Comparative Examples 1, 2, 5 and 6 in which no 
low-refractive-index transparent layer was provided in the 
display device, however, the device became dark suddenly as 


o 

in 


the viewing point went farther from the incidence side surface . 
It is found that the device was large in unevenness of brightness 
regarded as being caused by absorption in the color filter layer . 
As a result, in Comparative Examples 1, 2, 5 and 6, display 
5 was vary hard to view . According to the table, luminance seemed 
to be uniform in Comparative Example 6. However, when the 
viewing angle in the direction of the incidence side surface 
Q: was changed, uniformity of luminance varied widely . As a result, 

'ass*-: 

in Comparative Example 6, display was very unnatural and hard 

m 

M ! 10 to view. Luminance itself in Comparative Example 6 was also 
inferior to that in Example 6. 
[0092] 

Further, in Comparative Example 3 in which the surface 
of the transparent sheet was roughened and in Comparative Example 
15 4 in which the inclination angle of the prism slopes was small, 
display was dark because light was not exited effectively. The 
liquid-crystal display device obtained in each of Examples 1 
to 6 was observed in the condition that the device was supplied 
with a voltage to perform display. As a result, either in an 
20 illumination mode or in an external light mode, good display 
was obtained without any specific problem. On the contrary, 
in Comparative Examples 1 to 6, there was no problem in an external 
light mode but display was hard to view in an illumination mode . 
It is found from the above description that a reflection type 
25 liquid-crystal display device good in display quality can be 
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formed according to the present invention because reduction 
in thickness and weight is achieved by use of an optical path 
control layer while increase in volume and weight caused by 
use of a light pipe is avoided. 

Although the invention has been described in its preferred 
form with a certain degree of particularity, it is understood 
that the present disclosure of the preferred form can be changed 
in the details of construction and in the combination and 
arrangement of parts without departing from the spirit and the 
scope of the invention as hereinafter claimed. 


